ABSTRACT The complete RNA-1 and RNA-2 genome sequences of Betanodavirus were obtained from Australian barramundi (Lates calcarifer). Phylogenetic analyses revealed that the sequences have closest homology to the red spotted grouper nervous necrosis virus (RGNNV) species and share between 91 and 98% homology with the other two published complete/near-complete sequences of isolates from Australian fish.
M
embers of the genus Betanodavirus cause the disease viral nervous necrosis (VNN), which is synonymous with vacuolating/viral encephalopathy and retinopathy (VER) (1) . The disease has been reported from wild and cultured freshwater and marine fish from all continents except South America and Antarctica. The National Centre for Biotechnology Information (NCBI) database (www.ncbi.nlm.nih.gov) contains over 1,200 nucleotide accessions of betanodavirus sourced from over 220 fish species and over 30 countries. VNN has been recognized in Australia since 1988, when it first caused significant mortalities in hatchery-reared larval barramundi, Lates calcarifer (2) . Of the 15 betanodavirus sequences from Australian fish species present in the NCBI database, there are only three complete or near-complete genome sequences (3, 4) .
Diseased L. calcarifer juveniles were collected from an aquaculture hatchery in Queensland, Australia. The fish displayed mass mortality and clinical signs typical of VNN, including loss of appetite, darkened color, erratic and spiral swimming, and hyperinflation of the swim bladder. Betanodavirus was detected using reverse transcriptase quantitative PCR (RT-qPCR) analysis on eye and brain tissues (3) . Further PCR, cloning, and sequence analysis were conducted. Eyes and brains were removed from clinically affected fish, homogenized, and subjected to RNA extraction (Roche High Pure viral nucleic acid extraction), and cDNA was synthesized using random hexamers (Bioline Tetro cDNA synthesis kit). PCR analysis using primers that targeted RNA-1 and RNA-2 were completed (3). PCR amplicons were purified and cloned using the pCR4-TOPO TA vector system. Plasmid DNA was extracted and submitted to Macrogen, Inc., and the Australian Genome Research Facility for analysis by Sanger sequencing. Sequencing data and alignments were analyzed using the default parameters in Geneious v.9.8.1 and the BLAST (5) in NCBI. Overlapping fragments from RNA-1 were aligned to form a contig (3,098 nucleotides [nt]) using Geneious and applying the red spotted grouper nervous necrosis virus (RGNNV) type species as the reference genome. The complete sequence of RNA-2 (1,036 nt) was obtained from direct cloning (3) .
The RNA-1 sequence contained the mRNA encoding RNA-dependent RNA polymerase and B1 and B2 protein motifs characteristic of Betanodavirus RNA-1 genomes. The RNA-2 sequence contained the complete open reading frame (ORF) encoding the viral coat protein. Alignment of the sequence against type sequences of the four currently recognized Betanodavirus taxa indicated that the sequences have highest homology to the RGNNV type species. Comparative analysis at the nucleotide level indicated that the RNA-1 sequence was 95 to 99% homologous to the sequences within the RGNNV genotype and 96 to 98% homologous to the only two complete RNA-1 sequences obtained from Australian strains (NCBI accession numbers GQ402010 and GQ402012).
Comparative analysis at the nucleotide level of RNA-2 indicated 99% homology to the sequence obtained from the original RGNNV isolate from China in 2000 (NCBI accession number AY744705) and 91 to 98% homology to the only 3 complete/nearcomplete RNA-2 sequences from Australian strains (NCBI accession numbers GQ402013, GQ402011, and KT390714). This report adds to the genome record of betanodavirus strains endemic to Australia and continues to demonstrate the remarkable trend of conservation of the RGNNV genome sequence across time, host species, and geographic location.
Data availability. The gene sequences have been deposited in GenBank under the accession numbers MH181161 (RNA-1) and MH017207 (RNA-2).
